INTRODUCTION
Over the past 30 years, improvements in neonatal intensive care have increased the survival of critically ill neonates. 1 However, these improvements have generated associated morbidities. One of these, nosocomial infection (NI), has become a major problem in many neonatal care units, where it is a major cause of morbidity and mortality, and affects the cost of medical care by increasing resource consumption and the duration of hospitalization. [2] [3] [4] [5] Studies from the United States report NI rates in neonatal care units ranging from 6 to 25%. 3, 4, 6, 7 In Colombia, as well as other developing countries, the cost of neonatal intensive care imposes a significant burden on the overall health care system and limits availability of health services. Many hospitals have insufficient resources relative to their demand. NI may add to the financial burden and limitation of resources.
To understand the impact of this problem in Colombia, we performed a study of the epidemiology of NI in selected nurseries. We describe the incidence of NI, site of infection, causative organisms, and institution-related differences.
METHODS

Study Population
The subjects were infants admitted to neonatal care units in eight institutions in Colombia between February 20, 2001 and July 31, 2001 . Data describing all admissions were collected in six institutions. In two institutions, data were collected for every other admission and every third admission, respectively, due to the large number of annual admissions and limitations in the number of data collectors (one per institution).
Intensive Care Facilities
Participating institutions were classified as either public or private and academic or nonacademic. Neonatal intensive care units (NICU) were classified as III A and III B level nurseries in accordance with guidelines established by the American Academy of Pediatrics. 8 An intermediate care nursery (INT) is a unit able to provide oxygen therapy, nasogastric feedings, phototherapy, and intravenous fluids. A single investigator visited all institutions and recorded systematically standard patient management protocols, the environmental characteristics of the units, including number of beds, general care practices, and the use of sterile supplies. The size of the NICUs and INTs was measured to determine the square area per unit. The microbiology labs, pharmacies, and lactarios (areas designated for the preparation of infant formulas) in each institution were also visited. Protocols describing the preparation of total parenteral nutrition (TPN) and infant formulas were documented, as were sterilization protocols for respiratory equipment.
Surveillance for NI
The attending physicians made all decisions regarding the need for collection of blood or other sterile fluids for the evaluation of suspected infection. NI was defined as an episode occurring after 72 hours of hospitalization, resulting in a positive culture from a sterile body fluid, and subsequent treatment with antibiotics for greater than 3 days. Infections were categorized based on the site from which a positive culture was obtained as (1) bacteremia, (2) urinary tract infection, (3) meningitis, and (4) other site. Six institutions employed the Bactec microbiology system (Becton Dickinson and Company, Sparks, MD, USA) and two institutions used the BacT/Alert system (Organon Teknika Colombiana S.A., Santafé de Bogotá, Colombia, SA) for detecting organisms. Onehalf to 2 cc of blood were inoculated per aerobic culture bottle. One to two separate aerobic bottles were sent for each suspected episode of sepsis.
Data Collection and Analysis
Patient demographics, clinical, and laboratory data were done by nurses trained in data collection. The Clinical Epidemiology and Biostatistics Unit at the Javeriana University in Bogotá served as the coordinating center for this study. Data were analyzed using Statistical Analysis System Software (SAS Institute, Cary, NC, USA). Descriptive measures were reported as median values with ranges or mean values with standard deviations. Modified survival analysis curves depicting the cumulative risk of infection were used to describe the relationships between specific variables and onset of infection over time. Linear regression models were used to describe the associations between institutional variables and incidence density rates of NI. Only variables with values of p<0.2 in bivariate analysis were included in the model. The Investigational Review Board at each institution approved the study. Parental consent was waived due to the observational nature of the study. 2 ) for INT beds. 9 All institutions were staffed by either neonatologists or pediatricians trained in the management of critically ill neonates. Median number of admission during the study period was 411(130-712); median average deliveries per month were 263 (range 49 to 485 deliveries). Three private institutions had the highest rates of NI in this cohort.
RESULTS
Intensive Care Facilities
Seven of the eight hospitals employed ancillary nursing staff in addition to registered nurses.
All institutions had bactericidal soap disinfectants for hand washing. Two institutions also employed alcohol-based hand cleaners. All eight neonatal units used disposable paper towels. Shortages of supplies existed in some of the public hospitals. In some units an inadequate supply of equipment (e.g. blood pressure cuffs and pulse oximeters) required sharing between neonates.
All units had established guidelines for performing invasive procedures (e.g. collection of blood and placement of intravenous catheters). Physicians and nurses used sterile techniques for invasive procedures. Only one institution used ready to administer infant formulas (hospital number 8).
Study Population
There were 3176 admissions to the neonatal care units during the study period. There were 671 patients admitted to the two largest centers for which no data were collected. Data were missing for 43 patients. A total of 2462 infants were screened. Of these, 897 patients were discharged home, 38 died, and 23 were transferred to another hospital or service before 72 hours of life. The remaining 1504 patients were hospitalized for greater than 72 hours, and therefore were at risk for acquiring an NI and were included in the study. These patients accounted for 20,344 patient-days. Females represented 45% of the population. The median gestational age and birth weight were 37 weeks (range 23 to 43 weeks) and 2540 g (range 520 to 5200 g), respectively. In all, 27% of the population weighed r2000 g, 8% was less than 32 weeks gestation, and 2% was less than 28 weeks gestation. The rate of survival of infants less than 1000 g was 54% (27/50).
Nosocomial Infections
From the 1504 at-risk infants, 80 were treated for 127 episodes of NI. Infected patients had a mean gestational age and a birth weight of 33±5 weeks and 1856±901 g, compared to 36±3 weeks and 2528±740 g in noninfected patients (p<0.001). The incidence rate (number of infections/100 at-risk patients) of NI was 8.4%. The incidence density rate (number of infections/1000 patientdays) was 6.2 per 1000 patient-days. Incidence density rates by institution ranged from 3.7 to 16.5 per 1000 patient-days. Table 2 lists the microorganisms responsible for infection and their sites of isolation. The bloodstream was the most common site of infection, accounting for 78% of infections. Other sites of infection included urine (11%), cerebral spinal fluid (3%), and peritoneal fluid (3%).
Gram-negative organisms were more prevalent than Grampositive organisms (55 vs 38%). Staphylococcus epidermidis was the most common pathogen isolated, accounting for 26% of all infections. Klebsiella pneumonia (12%), Escherichia coli (10%), and Pseudomonas aeruginosa (8%) were the most frequently observed Gram-negative organisms. Fungal infections accounted for 7% of the total number of infections. Candida albicans was the only fungus isolated. Infants with birth weights less than or equal to 1000 g comprised only 3% of the study population, but accounted for 24% of all infections; 66% of all infections occurred in infants less than 2000 g (Table 3 ). Gram-negative organisms were more common among infants with birth weights less than or equal to 2000 g (54%). Gram-positive organisms were more common among larger infants (59%).
Time to First Infection
The mean time from admission to first episode of NI was 17±14 days. Modified survival curves were used to depict time to first NI among infants who acquired NI at any time. Infants infected with Gram-negative organisms had a mean age of onset of infection of 22±16 days compared to 13±11 days for infants with Gram-positive organisms ( p ¼ 0.004). Infants with birth weights equal to or less than 1500 g were infected at a mean age of 21±14 days compared to 13±11 days for infants with birth weights greater than 1500 g ( p ¼ 0.006). LF TPN, laminar flow for TPN preparation; OG hrs, oral gastric tube change in hours; P:N, patient to nurse ratio; NI, nosocomial infection; IR, incidence rate; IDR, incidence density rate.
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density rates of NI. A positive correlation was found between number of admissions per NICU bed and incidence density rates ( p ¼ 0.0002).
DISCUSSION
We report an incidence rate of NI in neonatal care units in Colombia of 8.4% and an incidence density rate of 6.2 per 1000 patient-days. Although, these rates are similar to rates in the United States, 3, 4, 6, 7 rates of infection adjusted for differences in birth weight distribution may be higher in Colombia. Our study enrolled very few infants less than 28 weeks gestation (2%), or weighing less than 1000 g (3%). The median birth weight of our study population, 2540 g (range 520 to 5200 g), was larger than is typical in neonatal care units in the United States. The median birth weight in a similar study conducted by Sohn et al. 4 in the US was 1490 g (range 326 to 5480 g). Therefore, we suspect that the risk of infection adjusted for birth weight is greater in Colombia compared to the United States.
In addition, the survival of extremely low birth weight infants beyond 72 hours of age is less likely in Colombia than in the United States. In our study population, the rate of survival for infants less than 1000 g was 54% (27/50). Survival rates in the BW, birth weight; NI, nosocomial infection. a Number and percent of patients in birth weight group; GN, Gram-negative infections; GP, Gram-positive infections. b Number and percent of total infections in birth group; IR, incidence rate (number of infections/100 patients). c Number and percent of total infections (127 total episodes).
United States are 54 to 55% for infants 501 to 750 g and 85 to 86% for infants 751 to 1000 g. 10, 11 We did not record a severity of illness score in our data collection. A measure of acuity may have provided additional information to explain the high rate of mortality in this weight category.
Because we wanted to minimize the number of infections acquired during passage through the birth canal for the risk factor analysis, we used a cutoff of >72 hours after hospitalization to define NI. When we used the cutoff of the National NIs Surveillance System (>48 hours), 14 additional episodes of infection (four Gram-negative and 10 Gram-positive organisms) were identified with a corresponding incidence rate of 8.0% and an incidence density rate of 6.7/1000 patient-days. 12, 13 Gram-negative organisms (52%) continued to predominate over Gram-positive organisms (41%). These rates are similar to those observed with our cutoff of >72 hours.
Our methodology may have led to under-reporting of NI. Our definition of NI excluded episodes of clinically suspected infections that were not confirmed with a positive culture. During the study period, there were 529 episodes of suspected infections for which antibiotics were administered for greater than 72 hours that were not accompanied by a positive culture. If we had included these presumed episodes in the total number of infections, the incidence rate and incidence density rate would have been 43.6% and 24.7 per 1000 patient-days. Due to the subjectivity associated with the diagnoses of pneumonia and necrotizing enterocolitis, we did not report these events except when they were associated with a positive culture from blood or another sterile fluid. Conversely, our methodology may also have led to over-reporting of infections. Our diagnosis of NI was based on a single positive culture, and the need for antibiotic treatment >3 days as a proxy for clinically significant infection. We did not include clinical signs and symptoms of sepsis. This may have led to the inclusion of some positive cultures resulting from skin contaminants, particularly Staphylococcus epidermidis. 7, 14 The organisms that cause NI in Colombia appear to be different from those observed in other studies. 6, 7, 14, 15 Although Staphylococcus epidermidis was the most common pathogen in our study, Gram-negative organisms accounted for a larger proportion of infections than previously reported. In the current study, Gram-negative organisms were isolated in 55% of NIs, compared to 18 to 20% in studies from the United States, 7, 14 and 31% in a study from Israel. 15 The most unusual aspect of the distribution of organisms in our study was the predominance of Gram-negative organisms among infants weighing less than 2000 g, a population in which Gram-positive organisms predominate in other countries. 6 Some nosocomial pathogens (e.g. Klebsiella and Enterobacter) have been linked to environmental sources, including the hands of personnel, intravenous fluids, contaminated blood collection tubes, contaminated formulas, and invasive respiratory equipment. 16 In many hospitals in Colombia, medical equipment must be shared, nurses are responsible for many patients, TPN and infant formulas are prepared by hand, and sterile supplies are limited. In this setting, we might expect to observe a higher rate of infection by Gram-negative organisms, particularly among low birth weight infants who require more invasive monitoring and care. Colonization with Gram-negative organisms also increases as the duration of hospitalization increases. 17 Relative to larger infants, low birth weight infants may be more vulnerable to Gram negative infections in an environment in which Gram-negative organisms are more prevalent because of their prolonged duration of hospitalization.
Diekema et al. 18 investigated the pathogens responsible for NI and community-acquired infections in the United States, Canada, Europe, and Latin America. They reported that Gram-negative pathogens were more frequently isolated in infections in Latin America than in the other countries.
Infection rates varied considerably between study units. High rates of infection have been associated with understaffing and overcrowding. 15, 19 We found a positive association between the institutional rate of infection and the number of admissions per NICU bed. The large variability in the incidence rates of NI observed between study centers deserves further investigation. The three institutions with the highest incidence rates were private institutions; this suggests the presence of risk factors different from those related to limited resources for patient care.
CONCLUSION
We conclude that NI is a significant problem in NICUs in Colombia. In general, the pattern of infection is the same as in other countries, except that Gram-negative infections predominate, particularly among low birth weight infants. Because of both the health and economic impact of NI, future studies should attempt to identify modifiable risk factors within the environment or in clinical practices. Future studies should also address the issue of antibiotic misuse and antibiotic resistance patterns. Preventing NI in neonatal units should be a priority in Colombia and other developing countries faced with limited health care resources.
